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EFFECT  OF  PACKING-HOUBE  TOEATMENTS,  TEMPEEIATURIS  IN 
TRANSIT  AND  CONTAINERS  ON  DECAY  IN  TANGERINES 


Introduction 

Although  tangerines  have  been  grown  throughout  the  citrus  helt  of  Florida  for 
well  over  half  a  century,  few,  if  any  publications  based  on  concrete  evidence 
have  been  issued  to  shippers  of  this  fruit  for  their  guidance  in  the  selection 
of  the  most  feasible  decay  inhibitors  and  protective  service  during  the  transit 
period.  Yet  it  is  coramon  knowledge  that  the  tangerine,  a  very  tender  fruit,  is 
easily  bruised  when  ripe  and  is  especially  susceptible  to  green  mold  decay 
during  the  marketing  period.  Recognizing  the  dearth  of  information  on  the 
handling  and  transportation  of  tangerines,  the  Florida  Tangerine  Cooperative, 
formed  in  the  1950-51  season  to  extend  the  market  for  this  fruit,  requested  the 
Bureau  of  Plant  Industry,  Soils  and  Agricxiltural  Engineering  to  con4uct  holding 
and  shipping  tests  with  tangerines  for  the  purpose  of: 

1.  Appraising  the  value  of  the  decay  inhibitors  presently  available 
to  shippers,  and 

2.  Ccmparing  the  different  in-transit  protective  services  used  in 
rail  shipments. 

This  report,  based  for  the  most  part  on  tests  conducted  during  the  season  of 
1950-51^  also  includes  a  few  holding  and  shipping  tests  conducted  previously 
but  not  heretofore  reported  to  the  industry  as  a  whole.  The  holding  tests  were 
planned  to  determine  the  rate  of  decay  development  as  influenced  by: 

1.  Low  temperatures, 

2.  Decay  inhibitors  applied  before  the  fruit  is  packed, 

3.  Crate  liners  or  cartons  treated  with  diphenyl,  a  compound  that 
slowly  gives  off  fumes  which  check  the  growth  of  a  wide  range 
of  rot  producing  fungi. 

MATERIALS  AND  MED^HODS 

The  fruit  used  in  evaluating  antiseptic  dips  was  obtained  from  packing-houses 
either  immediately  after  the  commerical  application  of  wax  emulsion  containing 
a  decay  inhibitor,  or  before  it  was  given  any  treatment.  The  latter  samples 
were  brovight  to  the  laboratory  in  Orlando,  passed  over  a  miniature  washer,  in- 
spected, and  only  the  fruit  badly  damaged  in  harvesting  was  removed  before  the 
decay  inhibitor  was  applied. 

A  fairly  large  number  of  holding  tests  were  made  at  Orlando  in  which  commer- 
cially graded  and  packed  fruit  was  used.  This  fruit  was  packed  in  wireboxmd 
crates  or  in  cartons  treated  with  diphenyl,  a  decay  inhibitor.  These  collec- 
tions were  selected  at  random  from  a  rather  large  number  of  packinghouses  and 
should  therefore  be  representative  of  fruit  going  to  market  at  that  time,  hence 
they  contained  their  share  of  bruised  or  "puffy"  fruit.  While  some  were  held 
continuously  in  a  70*^.  holding  room  with  a  relative  humidity  ranging  from  88 
percent  to  92  percent,  others  were  held  for  varying  lengths  of  time  at  38°  or 
50  at  a  relative  humidity  of  about  90  percent  and  then  transferred  to  the  70° 
holding  room.  At  the  first  inspection,  the  fruit  was  removed  from  its  original 
container  (if  carton  or  wirebound  crate),  inspected  and  placed  in  a  small  field 
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lug  for  future  inspection.  The  time  interval  between  setting  up  the  tests  and 
making  the  first  inspection  varied  from  five  to  ten  days  to  simulate  transit 
periods,  a  second  inspection  was  made  3  days  later  when  possible,  and  the  final 
inspection  was  made  one  week  after  removal  from  the  refrigerated  rooms. 

The  shipping  tests  were  made  with  loads  going  to  market  under  normal  conditions 
of  handling  and  transportation.  The  shipping  tests  were  planned  to  show  the 
comparative  rate  of  cooling  obtained  from  the  contrasted  protective  services 
and  the  amount  of  decay  that  may  be  expected  to  develop  during  and  after  the 
transit  period.  They  also  included  shipping  tests  with  fiberboard  cartons  as  a 
partial  load  with  standard  nailed  crates  and  diphenyl-treated  crate  liners  and 
blankets  in  wirebound  crates  in  ccraparisbn  with  similar  fruit  packed  naked  in 
such  crates  and  loaxied  in  the  same  car.  The  test  packages  were  representative 
samples  of  the  lading  and  except  where  noted  were  placed  along  the  center  line 
of  the  car  at  the  bottom  bunker,  middle  quarter length,  and  top  quarter length 
positions  of  the  car.  At  time  of  packing,  a  small  recording  thennometer  was 
placed  in  the  center  of  each  test  package  in  order  to  obtain  a  continuous 
record  of  the  temperatures  at  each  level  in  the  car  during  the  transit  period. 
The  fruit  in  the  test  crates  was  from  the  same  grove  and  was  strictly  compa- 
rable. It  was  examined  critically  at  time  of  unloading  and  whenever  possible 
a  general  inspection  of  the  load  was  made.  In  the  shipments  to  New  York  or 
Chicago  the  test  packages  were  held  after  arrival  at  room  temperature  and  rela- 
tively low  humidity  for  a  week  and  then  a  final  inspection  was  made. 

HOLDING  TESTS  IN  KLORIDA 

Effect  of  unpacking  fruit  while  wet  on  decay 

There  is  a  popular  belief  among  fruit-men  that  citrus  fruits  should  not  be  un- 
packed while  wet  with  condensed  moisture  such  as  occurs  when  cold  fruit  is 
unloaded  from  cars  or  transferred  from  a  cold  room  to  a  warm  one.  It  is 
claimed  by  the  industry  that  handling  at  such  times  bruises  tangerines  and 
accelerates  development  of  decay. 

In  order  to  obtain  evidence  on  this  point,  one  crate  of  ccaamercially-packed 
tangerines  was  stored  at  70^ •  and  two  were  stored  at  38°»  After  five  days  all 
three  crates  were  inspected  and  then  all  were  stored  at  70°  for  7  more  days 
after  which  they  were  inspected  a  second  time.  At  the  first  inspection  one  of 
the  crates  from  the  38°  room  was  inspected  immediately  while  the  fruit  was  still 
wet  with  water  of  condensation  while  the  other  was  not  inspected  until  the  fruit 
had  become  dry.  This  test  was  repeated  twice  and  the  results  are  summarized  in 
Table  I, 

Less  than  2  percent  rind  breakdown  developed  in  any  crate.  In  the  crates  held 
continuously  at  70°F,,  there  was  10  percent  decay,  mostly  green  mold,  after 
five  days,  and  27,1  percent  decay  after  seven  more  days.  There  was  only  ,2 
percent  decay  in  the  lots  that  were  stored  five  days  at  38°  at  the  first  in- 
spection, but  after  holding  one  week  at  70°,  decay  had  increased  to  28,6  per- 
cent in  the  boxes  that  were  inspected  the  first  time  -vfliile  the  fruit  wb,s  wet, 
and  2it-.8  peircent  in  the  lots  that  were  dried  before  being  inspected  the  first 
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time,  a  difference  of  3»8  percent.  This  difference  was  small  and  not  con- 
sistent enovigh  between  treatments  to  be  statistically  significant.  What 
appeared  important  from  a  practical  standpoint  was  that  approximately  the 
same-  amount  of  decay,  largely  green  mold,  was  foxind  in  all  treatments  after 
holding  one  week  at  70  which  indicated  that  the  effect  of  refrigeration  at 
38  for  five  days  was  lost  soon  after  the  tangerines  were  moved  to  a  warm  room. 

Stem-end  rot  was  beginning  to  show  up  in  moderate  q^uantity  at  the  end  of  the 
7  days  holding  period. 

Time  and  temperature  in  relation  to  decay 

A  series  of  eight  holding  tests  simulating  transit  periods  was  made  in  which 
commercially  graded  and  packed  U.S.  No.  1  tangerines  were  stored  at  38°  for 
five  and  ten  days  respectively,  and  then  transferred  to  a  70  holding  room  for 
one  week.  For  comparison,  a  like  number  of  lots  were  held  continuously  at 
70°.  The  results  are  given  in  Table  II.  At  the  first  inspection  there  was 
2.1  percent  rind  breakdown  in  the  fruit  held  at  70°F.  and  l,k   percent  and  O.9 
percent  in  that  held  for  five  and  ten  days  respectively  at  38  . 

In  the  lots  held  at  70°  continuously,  13.^  percent  rot  developed  in  five  days, 
and  one  week  later  it  had  increased  to  3^»1  percent.  In  the  lots  stored  at 
38°  for  five  and  ten  days,  there  was  only  O.3  and  O.5  percent  decay  at  the 
first  inspection,  but  during  the  following  week  at  70°,  «11  decay  had  increased 
to  about  the  sam.e  amount  as  in  those  held  continuously  at  70°.  In.  a  few  indi- 
vidual crates  in  each  grouping  there  was  more  than  50  percent  decay,  largely 
green  mold,  at  the  second  inspection  which  indicated  a  wide  difference  in  keep- 
ing quality  of  commercially  packed  tangerines,  and  that  the  retarding  effect 
of  low  temperatures  on  decay  had  disappeared  within  a  week  after  transferring 
the  fruit  to  room  temperature. 

Rate  of  spoilage  after  removal  to  room  temperatures 

Inasmuch  as  it  ha&  been  shovm  that  tangerines  will  not  keep  a  week  after  re- 
moval to  room  temperature  from  a  simulated  refrigerated  shipment,  a  series  of 
6  holding  tests  was  made  in  which  the  second  inspection  was  made  after  3  days 
at  70°F.  instead  of  7  cLays,  to  see  if  the  fruit  would  keep  3  days  at  room 
temper atiire .  A  third  inspection  was  made  k   days  after  the  second.  The  results 
are  summarized  in  Table  III.  In  the  fruit  held  continuously  at  70°,  I6.5  per- 
cent decay  had  developed  in  five  days,  27.8  percent  three  days  later,  and  ^4-0.1 
percent  in  another  four  days. 

There  was  O.^l  percent  decay  after  slmiilated  shipment  for  five  days  at  38°P'«^ 
only  8.3  percent  three  days  after  removal  to  the  70°  holding  room,  but  after 
seven  days  at  70°  there  was  2^.4  percent  which  is  approximately  the  same  as  in 
the  fruit  continuously  at  70°.  Development  of  decay  in  the  lots  held  for  a 
ten  day  simulated  shipping  period  at  38°,  was  similar  to  that  in  the  lots  held 
at  38  fCBT  5  days.  Again  a  very  large  proportion  of  the  rot  was  caused  by 
green  mold.  It  was  shown  by  these  tests  that  decay  in  3  days  was  only  about 
one -fourth  or  one -fifth  as  extensive  as  it  was  7  days  after  removal  from  cool 
temperatures.  It  would  appear  that  good  refrigeration  in  transit  and  prompt 
use  of  tangerines  within  a  few  days  after  arrival  would  be  desirable. 
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Effect  of  vireboiind  crates  and  diphenyl-treated  cartons  on  decay 

It  is  generally  recognized  that  low  temperatures  inhibit  decay  only  so  long  as 
the  commodity  is  -under  refrigeration  and  that  spoilage  may  develop  soon  after 
the  commodity  is  brought  to  room  temperature.  Therefore  it  seemed  desirable  to 
explore  the  merits  of  chemical  decay  inhibitors,  such  as  diphenyl,  that  slowly 
volatize  from  treated  wrapping  tissues  or  paper  liners  in  the  shipping  package. 
Diphenyl  has  been  effective  in  retarding  decay  in  oranges  when  impregnated  in 
crate  liners  or  fiberboard  cartons. 

Commercially  graded  U.S.  No.  1  tangerines  were  packed  naked  and  stored  in  both 
wirebound  crates  and  in  cartons  treated  with  Phenodor  X  (diphenyl)  treated 
cartons  for  one  and  two  weeks  at  both  50°  and  38^*  At  the  end  of  the  storage 
period  the  test  lots  were  transferred  to  a  70°  holding  room  where  the  fruit  was 
inspected,  the  original  packages  discarded  and  the  test  fruit  reinspected  three 
and  seven  days  later.  This  series  was  repeated  twice  and  the  results  are  sum- 
marized in  Table  IV. 

There  was  not  enough  rind  breakdown  in  any  of  the  lots  to  be  of  commercial 
significance. 

The  amount  of  decay  differed  but  little  between  finiit  packed  in  untreated 
crates  and  that  packed  in  diphenyl -treated  fiberboard  cartons  stored  at  the  same 
temperature.  As  an  example,  after  one  week  at  50^.,  there  was  6.5  percent  de- 
cay in  the  untreated  lot  and  6,k   percent  in  the  phenodor -treated  carton.  After 
three  days  at  70°  rots  had  increased  to  l6,h   percent  and  I6.U8  percent  respec- 
tively, and  four  days  later  all  rots  had  risen  to  32.8  percent  and  36.5  percent. 
Two  weeks  storage  at  50°  resiilted  in  excessively  high  decay  in  both  treated  and 
untreated  packages.  Storage  at  38  was  effective  in  keeping  decay  in  check, 
and  the  fruit  from  this  temperatiore  had  much  less  decay  3  days  after  removal 
than  that  stored  at  50°F.  After  a  week  at  70  decay  was  so  great  in  both  lots 
to  make  them  practically  worthless.  The  phenodor  box  had  no  effect  on  decay 
development  either  during  storage  or  after  removal. 

Effect  of  ventilated  and  non-ventilated  cartons  on  decay 

A  series  of  five  tests  was  made  to  compare  the  amount  of  decay  developing  in 
commercially  graded  U.S.  No.  1  tangerines  in  wirebound  crates  and  ventilated 
and  non- ventilated  diphenyl  treated  cartons.  The  ventilated  phenodor  cartons, 
had  36  half -inch  perforations  uniformly  spaced  in  the  ends  and  sides.  The  test 
lots  were  stored  for  two  weeks  at  50°F.,  inspected  and  transferred  to  crates  in 
a  70°  room  after  discarding  the  original  container  and  they  were  re-inspected 
three  and  seven  days  later.  The  results  are  given  in  Table  V.  Rind  breakdown 
was  not  affected  by  the  treatments.  Practically  all  of  the  decay  found  at  the 
first  and  second  inspection  and  most  of  it  at  the  third  inspection,  was  caused 
by  green  mold  although  stem-end  rot  was  beginning  to  show  up  in  quantity  at  the 
final  inspection.  In  the  wirebound  crates  there  was  11.6  percent  decay  at  the 
first  inspection;  17^7  percent  decay  three  days  later;  and  31»7  percent  four 
days  after  the  second  inspection. 

In  the  non-perforated  phenodor  cartons  there  was  13*7  percent,  22,3  and  3^ "8 
percent  decay  at  the  first,  second,  and  third  inspections  respectively. 
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The  least  amount  of  rot,  viz,  9*2  percent,  13.9  percent,  and  26.8  percent  on 
the  three  successive  inspection  dates,  was  found  in  the  lots  stored  in  perfo- 
rated phenodor  cartons.  The  amount  of  decay  in  the  perforated  cartons  was 
consistently  less  than  in  the  non-perforated  cartons  in  each  of  the  five  tests. 

Effect  of  water-soluble  decay  inhibitors  on  rind  breakdown, 
chemical  injury  and  decay 

Water-soluble  decay  inhibitors  have  been  in  use  on  citrus  fruits  close  to  half 
a  century  with  varying  success  on  the  different  kinds  of  decay. 

During  January  and  February,  1951^  a  comparison  was  made  of  two  easily  applied 
water-soluble  decay  inhibitors,  viz.  "Steriseal",  a  proprietary  compound,  and 
Dowicide  A  (sodium  o-phenylphenate)  plus  hexamine.  The  treated  fruit  was 
packed  in  two  ways--in  wooden  crates  without  diphenyl  and  in  diphenyl-treated 
fiberboard  cartons.   "Steriseal"  was  used  at  a  concentration  of  1  part  to  19 
parts  of  water,  whereas,  Dowicide  A  plus  hexamine  was  used  at  the  rate  of  2  per- 
cent Dowicide  A  and  1  percent  hexamine. 

Solutions  of  both  the  "Steriseal"  and  the  Dowicide  A  -  hexamine  mixtures  were 
applied  for  two  minutes  at  room  temperatxire .  The  treated  fruit  was  allowed  to 
dry  without  rinsing  and  was  then  placed  in  wooden  crates  or  diphenyl-treated 
cartons  and  held  for  three  weeks  at  70*^  •  with  inspections  made  weekly.  The 
cartons  were  discarded  after  the  first  inspection  and  the  fruit  placed  in  wooden 
crates.  The  results  of  eight  of  these  holding  tests  with  fruit  from  widely 
separated  groves  are  simmarized  in  Table  VI.  Since  less  than  1  percent  rind 
breakdown  was  observed  at  both  the  first  or  second  inspections,  it  seems  safe 
to  conclude  that  the  treatments  caused  but  little  if  any  rind  injury. 

As  in  the  other  tests,  a  large  proportion  of  the  decay  that  developed  within 
two  weeks  after  treatment  was  caused  by  green  mold. 

In  the  untreated  checks  there  was  l6.7  percent  decay  after  one  week,  30»8  per- 
cent after  two  weeks  and  52.0  percent  after  three  weeks. 

Steriseal  held  decay  to  about  one  half  that  occurring  in  the  checks  at  each  of 
the  three  inspections.  The  Dowicide -hexamine  mixtiare  was  even  more  effective 
in  reducing  decay  than  Steriseal. 

The  use  of  phenodor  cartons  with  Dowicide -hexamine  treated  fruit  did  not  further 
reduce  decay.  The  percentagewise  control  from  both  Steriseal  and  Dowicide  plus 
hexamine  decreased  during  the  holding  period,  yet  the  two  water-soluble  com- 
pounds gave  sufficient  control  to  warrant  their  use. 

Decay  inhibitors  in  wax  emvilsions 

Previous  publications  have  shown  that  decay  inhibitors  such  as  2 -Amino -Pyridine 
and  Dowicide  A,  when  incorporated  in  the  water  phase  of  wax  emulsion,  are  effec- 
tive in  checking  decay  in  citrus  fruits.  Doubtless  there  are  other  decay  in- 
hibitors that  can  be  applied  in  that  manner. 
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Stine  wax,  a  proprietary  wax  emulsion  containing  an  undesignated  decay  inhibi- 
tor, was  used  on  tangerines  and  oranges  commercially  during  the  season  of 
19^9-50.  The  decay  retarding  properties  of  this  product  were  tested  on 
tangerines  and  oranges.  The  oranges  were  included  in  these  tests  for  the 
purpose  of  throwing  light  on  the  general  citrus  decay  problem. 

The  fruit  was  collected  at  two  points  in  the  packinghouse  processing  line 
between  the  washer  and  drier: 

1,  Just  before  the  washed  fruit  reached  the  dip  tank  containing 
the  wax  emialsion,  and 

2.  Immediately  after  the  fruit  emerged  from  this  treating  tank. 

Samples  of  fruit  from  nine  groves  were  taken  over  a  period  of  two  weeks  in 
December.  The  test  lots  were  brought  to  the  laboratory  at  Orlando,  held  at 
70  for  three  weeks  and  inspected  at  intervals  of  seven  days.  The  results  are 
siTmmR-ri  7.ed  in  Table  VII. 

The  results  indicate  that  the  wax  treatment  slightly  increased  rind  breakdown 
in  all  lots  of  fruit.  The  results  further  indicate  that  the  decay  inhibitor 
incorporated  in  this  wax  emulsion  had  little  if  any  effect  on  either  stem-end 
rot  or  green  mold  in  either  tangerines  or  oranges.  It  appears  from  these 
results  that  the  unnamed  decay  inhibitor  in  Stine  Wax  emulsion  is  of  little 
value  against  stem-end  rot  and  green  mold  of  tangerines  and  oranges. 

SHIPPING  TESTS 

Most  of  the  shipping  tests  reported  herein  were  made  with  wirebound  crates 
during  the  season  of  1950-51 •  A  few  earlier  tests  in  which  fiberboard  cartons 
were  compared  with  crates  and  crates  with  diphenyl-treated  liners  or  blankets 
for  decay  control  were  compared  with  naked  pack  in  crates  are  also  included. 
The  cartons  as  well  as  the  crates  were  of  U/5-bushel  capacity. 

Ventilation  in  a  non-fan  car 


WFE  67837^  a,  non-fan  car,  was  loaded  in  Seminole  Coimty,  December  20,  1950, 
with  861  wirebound  crates  of  tangerines  and  shipped  to  New  York  where  it  was 
unloaded  during  the  early  morning  hours  of  December  26.  This  car  was  billed 
to  receive  no  ice,  vents  to  be  kept  open  to  Potomac  Yards,  Virginia,  and  to  be 
converted  there  to  standard  ventilation.  A  continuous  record  of  the  tempera- 
ture within  the  crates  of  fruit  was  obtained  from  recording  thermometers 
placed  in  crates  in  the  top  quarter length,  and  bottom  bunker  positions  in  the 
forward  end  of  the  car. 

The  outside  air  temperature  during  the  transit  period  was  from  8  to  15  degrees 
F,  below  normal  during  the  first  two  days,  slightly  above  normal  the  third  day, 
and  followed  by  slightly  subnormal  temperatures. 

The  commodity  temperature,  figure  1,  averaged  62"-^.  when  the  car  was  loaded 
and  the  range  at  unloading  was  between  33  and  39  •  The  bottom  of  the  load 
cooled  at  a -uniform  rate  to  about  35°  by  noon  of  the  second  day  and  by  that 
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time  the  temperature  in  the  top  of  the  load  had  "been  lowered  to  52°.  During  the 
remainder  of  the  transit  period  there  was  little  change  in  temperature  in  the 
bottom  of  the  load.  The  record  of  the  top  layer  shows  fairly  fast  cooling  until 
about  the  third  midnight  after  loading  when  the  thermograph's  clock  failed. 
Three  days  later  when  the  car  was  unloaded  this  thermograph  registered  39° •  The 
maximum  spread  in  temperature  between  the  top  and  bottom  layers  was  about  17 
degrees  recorded  at  about  noon  of  the  second  day  after  loading  and  was  gradually 
reduced  to  6  degrees  at  unloading. 

There  was  no  skin  breakdown,  and  only  1.^  percent  decay  in  the  test  packages  on 
arrival.  After  one  week  at  room  temperature,  decay,  almost  all  green  mold,  had 
increased  to  10.0  percent  but  there  was  no  increase  in  rind  breakdown. 

Ventilation  compared  with  initial  icing 
plus  one  re-icing  in  fan  cars 

The  two  cars  in  this  comparision.  Figure  2,  were  loaded  in  Seminole  County 
January  ^,   1951^  each  with  880  wirebound  crates  of  tangerines  and  with  the  fans 
sealed  "ON" I 

One  car,  WFE  71218,  with  a  few  hundred  pounds  of  old  ice  in  the  bunkers,  was 
billed  vents  open  to  Potomac  Yards,  standard  ventilation  beyond,  while  the 
other,  ART  27995,  was  initially  iced  with  10,000  pounds  at  Sanford  at  7:00  A.M. 
the  morning  after  loading,  re-iced  with  U,000  pounds  at  Florence,  S.  C.  22 
hours  later,  and  converted  to  standard  ventilation  from  Potomac  Yards  to  desti- 
nation. The  bunkers  were  half  full  of  ice  when  this  car  was  unloaded  35  hours 
after  re -icing. 

During  the  transit  period  these  cars  were  exposed  to^ outside  air  temperatures 
that  ranged  from  10  to  lU  degrees  above  normal  during  the  first  2  days  of  the 
transit  period  and  as  much  as  10  degrees  below  normal  (i.e.,  below  freezing), 
throughout  the  third  day. 

There  was  a  considerable  range  in  commodity  temperature  at  time  of  loading; 
however,  little  change  occurred  before  midnight  when  the  cars  started  their 
northward  movement.  The  commodity  temperature  in  the  test  crates  at  the 
start  ranged  from  66'^   to  75°F«  and.  averaged  70°  in  the  car  imder  ventilation 
and  the  unloading  temperature  ranged  from  50  to  5^  .  In  the  iced  car,  the 
fruit  temperatures  ranged  from  71°  to  82°  with  an  average  of  76°  at  midnight 
of  the  day  of  loading,  and  at  unloading  ranged  from  ^4-2°  to  ^4°.  The  second 
midnight  after  loading  the  temperature  in  the  uniced  car  ranged  from  65  to 
69°  with  an  average  of  67°  and  the  temperatxire  in  the  iced  car  ranged  frcan 
57°  to  66'^  with  an  average  of  60°.  Thereafter,  the  load  in  the  iced  car  was 
about  10°  cooler  than  that  in  the  non-iced  one  with  a  somewhat  narrower  range 
in  the  former. 

Inasmuch  as  both  cars  were  converted  to  standard  ventilation  about  the  third 
midnight  after  loading,  it  is  interesting  to  note  that  the  car  without  ice 
cooled  at  about  the  same  rate  as  the  iced  car,  thus  indicating  that  the  ice  in 
the  bunkers  did  not  accelerate  cooling  after  conversion  to  ventilation.  In  the 
uniced  car  the  top  layer  was  the  warmest  part  of  the  load  until  the  second  mid- 
night after  which  the  middle  layer  was  warmest.  In  the  iced  car  the  middle 
layer  was  the  warmest  throughout  the  trip. 
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Inspection  at  New  Yori:  the  fourth  day  after  loading,  showed  that  the  test 
packages  in  the  uniced  car  averaged  1.5  percent  decay,  while  those  in  the  iced 
car  averaged  1  percent.  A  week  later  decay  had  increased  to  11  percent  and' 
5,2  percent  respectively.  Practically  all  of  the  decay  was  green  mold.  The 
greater  amount  of  decay  that  developed  in  the  lots  from  the  car  without  ice 
probably  was  due  to  the  higher  temperatures  in  transit  during  the  greater  part 
of  the  transit  period. 

The  effect  of  delay  en  route  on  temperature  reduction  in  fan  cars 

A  pre -iced  fan  car  WE   7317^  *  >^as  loaded  in  Orange  Coxmty  with  warm  fruit  on 
December  l8,  while  a  similarly  iced  fan  car,  WFE  72222,  was  loaded  the  next 
day  with  fruit  from  the  same  locality  but  not  from  the  same  grove  (figure  3). 
The  first  car  was  precooled  with  Preco  fans  for  seven  and  one-half  hours  after 
loading,  while  the  latter  was  precooled  six  hours.  Both  cars  with  fan.s  sealed 
in  the  "on"  position  were  shipped  under  standard  refrigeration,  the  former  was 
diverted  to  Chicago,  the  latter  went  direct  to  New  York,  and  the  two  cars  were 
unloaded  seven  and  six  days  respectively  after  loading.  The  Chicago  car  was 
held  at  Albany,  Georgia,  for  slightly  over  one  day,  while  the  New  York  car  went 
thro\agh  to  destination  on  schedule . 

No  thermographs  were  placed  in  the  bottom  layer  of  either  car.  Dioring  load- 
ing, the  fruit  in  the  former  car  averaged  55  •^'^'  and  the  commodity  temper a- 
t-ure  at  both  the  top  and  middle  of  the  load  was  3^°  at  unloading,  while  that 
in  the  latter  car  averaged  59-9°  at  loading  and  3^°  to  37°  at  unloading.  By 
the  first  midnight,  the  fruit  temperatures  in  the  warmest  part  of  the  Chicago 
car  was  below  50°  while  the  temperature  in  the  New  York  car  did  not  reach  that 
level  until  the  following  evening. 

By  midnight  of  the  day  after  loading,  the  temperatures  in  the  top  and  middle 
of  both  cars  were  closely  similar.  The  warmest  part  of  the  non-delayed  car 
reached  kO°   by  midnight  of  the  second  day  after  loading,  while  the.  temperature 
in  the  delayed  car  did  not  reach  that  level  izntil  nearly  2k   hours  later.  The 
middle  of  the  load  was  somewhat  warmer  than  the  top  throijghout  the  transit 
period  in  the  New  York  car,  and  most  of  the  time  in  the  Chicago  car.  The 
effect  of  delay  on  temperature  reduction,  that  resulted  from  the  nonoperation 
of  the  fans  during  the  delay  in  transit,  although  not  great,  can  be  easily 
detected  on  the  graph. 

The  temperature  spread  between  the  top  and  middle  layers  was  narrower,  mostly 
less  than  5  degrees,  in  the  Chicago  car  than  in  the  New  York  car  in  which  it 
was  2  degrees  or  3  degrees  greater. 

The  condition  of  the  lading  in  both  cars  was  satisfactory  on  arrival  at  their 
respective  destinations .  The  test  packages  in  the  Chicago  car  had  less  than 
1  percent  decay  and  the  New  York  car  l.k   percent  when  imloaded  seven  and  six 
days,  respectively,  after  loading.  A  week  after  unloading,  decay  in  these 
crates  had  increased  to  an  average  of  14-2.17 percent  in  the  Chicago  car,  and 
9.5  percent  in  the  New  York  car.  Practically  all  of  the  decay  was  of  the 
green  mold  type.  This  great  difference  in  decay  between  the  two  cars  could 
hardly  be  attributed  solely  to  the  slight  difference  in  commodity  temperature 
during  the  transit  period.  It  seems  more  likely  that  the  difference  was  due 
to  the  innate  keeping  q.uality  of  fruit  from  the  different  groves. 
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Pr ec ooled  loaxlB  compared  vlth  non-precooled  loads  in  fan  cars 

Dviring  January  and  February  1951^  eight-paired  carlots  of  tangerines  in  pre- 
iced  fan  cars  were  used  in  shipping  tests  to  determine  the  effect  of  precool- 
ing.  One  car  of  each  pair  was  precooled  for  six  hours  with  the  car  fans  while 
the  companion  car  was  not  precooled.  The  fan  levers  of  both  the  non-precooled 
and  precooled  cars  were  sealed  in  the  "on"  position  by  the  shipper  and  the 
cars  were  billed  standard  refrigeration. 

One  car  was  diverted  to  Chicago  while  the  other  7  cars  went  to  New  York.  By 
the  first  midnight,  soon  after  precooling,  the  top  of  the  precooled  loads 
averaged  about  12  degrees  cooler  than  the  non-precooled  load  while  the  middle 
layers  were  only  6  degrees  cooler  (figure  k) .     The  bottom  layers  of  the  non- 
precooled  cars  were  a  few  degrees  cooler  than  those  of  the  precooled  group. 
By  the  second  midnight  the  top  of  the  load  in  the  precooled  cars  averaged  only 
7  degrees  cooler  than  that  in  the  non-precooled  cars;  the  middle  layer  was  only 
3  degrees  cooler;  while  the  bottom  positions  were  practically  identical.  By 
the  third  midnight  the  average  temperatures  were  almost  identical  in  the  two 
groups  of  cars  in  each  of  the  three  locations  and  remained  so  to  destination. 

Thus  there  was  a  period  of  about  36  to  U8  hours  that  the  top  and  middle  layers 
of  the  non-precooled  cars  were  considerably  warmer  than  in  the  precooled  cars. 
The  middle  layer  was  the  warmest  in  both  precooled  and  non-precooled  cars 
except  for  the  first  36  hours  after  loading  when  the  top  layer  of  non- 
precooled  cars  was  highest  in  temperature  (figure  5)« 

At  unloading,  decay  in  the  precooled  test  lots  ranged  from  0  percent  to  1.^ 
percent,  averaging  slightly  less  than  I/2  of  1  percent.  One  week  later  the 
range  in  these  test  lots  was  6.8  percent  to  26.5  percent,  with  an  average  of 
13-8  percent.  In  the  non-precooled  test  lots  decay  at  unloading  ranged  from 
0  percent  to  1.2  percent  with  an  average  of  0.6  percent,  while  one  week  later 
decay  ranged  3*^  percent  to  17.8  percent  with  an  average  of  12.8  percent. 
Thus  when  fan  cars  are  used  precooling  in  such  cars  at  shipping  point  appears 
to  have  had  no  economically  significant  effect  on  the  amount  of  decay  at 
unloading  or  a  week  later.  Practically  all  of  the  decay  observed  in  these 
lots,  both  on  arrival  and  one  week  later,  was  green  mold. 

Shipping  tests  to  Pacific  Coast 

Four  shipping  tests  with  tangerines  in  wirebound  crates  under  standard  re- 
frigeration were  made  in  January  and  February,  1951^  to  the  Pacific  Coast. 

The  first  transcontinental  test  shipment  of  tangerines  was  made  in  a  pre-iced 
fan  car,  ART  28305,  with  86O  wirebound  crates  loaded  in  Polk  County,  January  3^ 
1951^  (Figure  6).  The  shipment  was  precooled  six  hours  with  Preco  fans  after 
loading  and  received  standard  refrigeration  en  route.  The  fans  were  sealed  in 
the  "on"  position  by  the  shipper  and  the  car  was  billed  to  Seattle  for  partial 
unloading  at  Spokane,  diverted  to  Portland,  and  routed  SAL,  Md&S,  CofGA,  IC 
CMSPSsP.  The  fruit  had  an  average  pulp  temperature  of  67.^  F.  when  loaded  and 
when  unloaded  twelve  days  later  the  temperature  ranged  from  32*^  to  3^°.  During 
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precooling,  the  ccramodity  temperature  vas  reduced  in  the  top  and  bottom  of  the 
load  more  rapidly  than  in  the  middle .  All  parts  of  the  load  had  cooled  to  U8° 
or  lower  the  day  after  loading,  to  39°  or  "below  by  noon  of  the  third  day,  and 
to  somewhat  below  35°  during  the  second  half  of  the  12-day  transit  period.  At 
no  time  in  transit  was  there  more  than  7-  or  8-degree  spread  in  temperature 
between  different  parts  of  the  load;  usually  it  was  less  than  5  degrees  (figure 
6) .  This  car  was  serviced  with  27,500  pounds  of  ice  of  which  5,620  pounds  was 
supplied  beyond  Birmingham,  Alabama,  or  after  the  second  day  en  route.  The 
general  condition  of  the  fruit  was  very  good  on  arrival  at  Portland  two  weeks 
after  loading.  In  the  test  packages,  decay  averaged  approximately  2  percent, 
mostly  green  mold. 

The  second  transcontinental  test  (figure  7)  "was  loaded  in  Orange  Coimty, 
January  31,  1951,  and  shipped  to  Los  Angeles  via  SAL,  L&N,  SP.  This  non-fan 
car,  FGE  10931,  "was  loaded  with  855  wirebound  crates  of  tangerines  with  a  pulp 
temperature  of  72.9°F.  At  time  of  unloading,  twelve  days  later,  the  tempera- 
ture range  in  the  load  was  35°  to  ^3°.  After  loading,  the  car  was  precooled 
six  hours  with  a  mechanically  refrigerated  precooling  unit  placed  in  the  door- 
way, and  the  car  was  initially  iced  after  precooling  and  shipped  under  standard 
refrigeration . 

Excellent  cooling  was  obtained^  with  the  mechanically  refrigerated  unit  for  the 
commodity  temperatures  in  the  top  of  the  load  were  reduced  about  30  degrees, 
the  middle  q[uarter length  position  25  degrees,  and  the  bottom  layer  about  15 
degrees.  -  ^  :  - 

By  noon  of  the  day  after  loading  the  warmest  part  of  the  load  was  below  50*^. 
(figure  7)'  The  temperature  in  the  top  of  the  load  remained  fairly  constant 
between  ^4-0°  and  ^5°  during  the  transit  period  whereas  the  bottom  layer  at  the 
bunker  which  soon  became  the  coldest  part  of  the  load  reached  35°  within  two 
or  three -days  and  remained  at  or  near  that  during  the  remainder  of  the  trip. 
During  transit  the  temperature  in  the  middle  position  fell  slowly  and  leveled 
off  somewhat  below  kO°   five  days  after  loading,  and  maintained  a  range  between 
35*^  and  kO'^ .     Thus  during  the  greater  part  of  the  transit  period,  the  top  of 
the  load  was  only  6  or  7  degrees  warmer  than  the  coldest  location.  This  car 
was  supplied  with  only  19,600  pounds  of  ice  during  the  transit  period,  13,300 
pounds  of  it  east  of  the  Mississippi  River. 

The  condition  of  the  general  load  at  Los  Angeles  fo\irteen  days  after  loading 
was  very  good  with  an  average  of  less  than  l/2  of  1  percent  decay  in  the  main 
load  and  l/2  of  1  percent  in  the  three  test  packages. 

The  third  transcontinental  shipping  test,  a  fan  car,  FGE  38513,  was  loaded  in 
Volusia  County,  January  31,  and  shipped  to  Seattle  via  ACL,  Frisco,  UP,  with  a 
partial  unload  at  Portland.  This  car  was  pre-iced,  loaded  five  layers  high 
throughout  with  1,010  wirebound  crates  of  tangerines,  precooled  for  six  hours 
with  motor -driven  Preco  car  fans  and  shipped  standard  refrigeration.  After 
precooling,  the  fans  were  sealed  in  the  "on"  position. 

During  loading  the  tangerines  had  an  average  pulp  teraperat\ire  of  70^.  and  at 
the  end  of  the  precooling  period  the  top  of  the  load  had  cooled  to  60°,  middle 
to  about  6k^ ,   and  the  bottom  to  53°'  VThen  \inloaded,  fourteen  days  later,  the 
fruit  temperatures  ranged  frcm  33°  to  36°. 
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Throughout  the  transit  period,  the  middle  layer  was  the  wannest  part  of  the 
load,  but  the  top  of  the  load  was  only  slightly  cooler  than  the  middle  layer 
(figure  8).  The  maximum  spread  in  temperature  during  the  transit  period,  about 
17^'^  occurred  at  about  midnight  the  day  after  loading  before  the  car  had  been 
moving  long  enough  for  the  fans  to  have  much  effect.  Then  the  warmest  part  of 
the  load  was  60°.  The  following  midnight  the  warmest  part  of  the  load  was 
about  50°  sind  there  was  less  than  10  degrees  spread  in  temperature  between  the 
warmest  and  coldest  locations.  By  the  seventh  day  after  loading  the  maximum 
temperature  was  below  Uo°  while  the  minimum  hovered  around  3^°  and  during  the 
remainder  of  the  trip  the  maximum  temperature  was  about  36°,  with  a  temperature 
spread  of  k   degrees  or  less.  This  car  was  serviced  with  slightly  more  than 
32,000  pounds  of  ice  of  which  7^200  pounds  were  supplied  beyond  Birmingham 
after  the  second  day  en  route . 

On  arrival  at  Seattle  fourteen  days  after  loading,  the  consignment  was  in  very 
good  condition  and  was  accepted  without  exceptions.  In  the  test  packages 
decay,  green  mold,  ranged  from  0  to  2  percent  and  averaged  less  than  1  percent. 

The  fourth  test  shipment  to  the  Pacific  Coast  originated  in  Polk  County,  on 
February  20,  1951-  A  fan  car,  SFRD  ^328,  was  loaded  with  856  wirebound  crates 
of  tangerines  and  shipped  to  Tacoma,  Washington,  to  be  partially  unloaded  at 
Seattle.  This  car  was  pre-iced,  loaded  with  partially  precooled  fruit,  routed 
SAL,  MD8cS,  CofGA,  FRISCO,  CB&Q,  and  NP;  and  shipped  under  standard  refriger- 
ation with  fan  levers  sealed  in  the  "on"  position.  Part  of  the  load  consisted 
of  210  lightly  precooled  crate  is,  with  an  average  temperature  of  70- 7^'  when 
loaded.  The  rest  of  the  load  consisted  of  6U6  crates  that  had  been  precooled 
22  hours  and  had  an  average  temperature  of  ^5*  5°'  The  conmodity  temperature 
at  time  of  unloading  ranged  frcm  32°  to  3^°'  The  cooler  crates  in  the  car 
must  have  had  some  effect  on  the  rate  of  cooling  of  the  test  packages  during 
the  transit  period.  During  the  transit  period  the  top  and  bottom  of  this 
load,  cooled  at  about  the  same  rate,  however,  the  middle  layer  was  somewhat 
slower  and  remained  warmer  throughout  the  ten-day  transit  period. 

The  first  midnight  after  loading,  the  temperature  ranged  from  51*^  •  at  the 
bottom  bunker  position  to  65°  at  the  middle  quarter -length  location  (figure 
9)  •  Twenty-four  hours  later,  the  temperature  in  the  crates  ranged  from  ^3° 
to  53°  in  "the  same  locations.  By  noon  of  the  second  day  after  loading  the 
warmest  part  of  the  load  was  below  50°  and  the  coldest  part  about  37°-  From 
the  third  day  after  loading  until  arrival  at  destination  the  commodity  temper- 
ature was  in  the  30's,  and  there  wa^  less  than  5  degrees  spread  in  temperature 
between  the  coldest  and  warmest  location.  During  the  last  few  days  of  the 
transit  period  the  temperatures  in  these  locations  ranged  from  32°  in  both 
the  bottom  and  top  locations  to  3^°  in  the  middle  positions .  This  car  was 
serviced  with  29,0^0  pounds  of  ice  of  which  8,1^0  was  supplied  west  of 
Birmingham,  i.e.,  after  the  second  day  en  route. 

When  this  car  was  unloaded  in  Seattle  the  lading  was  in  generally  sound  con- 
dition and  the  test  crates  had  from  0  percent  to  0.5  percent  decayed  fruits 
with  an  average  of  less  than  1/2  of  1  percent.  The  decay  was  caused  by  the 
green  mold  fungus. 

In  view  of  the  relatively  small  amount  of  ice  supplied  these  cars  west  of 
Birmingham,  Alabama,  during  t^heir  transcontinental  movement,  it  may  be 
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questionable  if  stajidard  refrigeration  is  always  necessary  when  tangerines  are 
shipped  in  fan  cars  to  distant  markets  in  cool  winter  months.  Although  a  test 
shipment  with  tangerines  under  Rule  251,  i.e.,  initial  icing  followed  hy  only 
one  re-iciiDg  was  not  made,  an  opportunity  presented  itself  to  get  temperature- 
in- trans it  records  on  a  transcontinental  shipment  of  grapefruit  in  wirehound 
crates.  Since  grapefruit  has  a  billing  weight  of  83  pounds  per  l-3/5-'bushel 
wirebound  crate  and  tangerines  ^5  pounds  per  i4-/5-bushel  wirebound  crate,  a  525 
load  of  the  former  has  approximately  the  same  billing  weight  as  a  968  box  load 
of  the  latter.  With  loads  of  grapefruit  and  tangerines  of  similar  weight,  the 
rate  of  cooling  per  ton  of  ice  melted  should  be  approximately  the  same  although 
the  smaller  fruit  in  small  packages  may  cool  more  rapidly. 

This  test  with  grapefruit  was  made  in  fan  car,  FGE  388^^-2.  There  were  a  few 
hundred  pounds  of  old  ice  in  the  bunkers  when  the  car  was  loaded  in  Polk  County 
on  February  22,  1951^  with  525  1-3/5-bushel  wirebound  crates  of  grapefruit. 
The  fruit  was  precooled  six  hours  with  a  platform  precooler  after  loading,  and 
shipped  to  Los  Angeles  via  SAL,  L&N,  SP.  The  car  was  initially  iced  early  in  ' 
the  morning  after  loading  and  re-iced  with  7,800  pounds  at  New  Orleans  on  the 
third  day  making  the  total  amount  of  ice  supplied  slightly  less  than  17,^00. 
The  commodity  temperature  when  loaded  was  6l.2^.  and  when  unloaded  eleven 
days  later,  it  was  35°  "to  38°-  The  six  hours  precooling  had  but  little  effect 
on  the  commodity  in  the  top  or  middle  of  the  load,  but  the  old  ice  in  the 
b\inkers  cooled  the  fruit  in  the  bottom  location  about  10  degrees .  Soon  after 
this  car  was  initially  iced,  the  top  layer  became  the  coolest  part  of  the  load 
and  remained  so  throughout  the  trip  (figure  10).  The  middle  position  was  the 
warmest  during  the  first  half  of  the  trip  while  the  bottom  was  the  warmest 
during  the  latter  half.  By  midnight  of  the  day  after  loading  the  commodity 
temperatures  were  ^5°  in  "the  top  of  the  load  and  51°  in  "the  middle  layer,  and 
they  remained  in  the  i+O's  until  the  car  was  re-iced.  Thereafter ,- the  tempera- 
ture ranged  mostly  between  35°  aJ^d.  ^4-0°  and  when  unloaded  eleven  days  after 
shipment  the  commodity  temperature  ranged  between  35°  and  38°-  This  test  indi- 
cated that  if  the  fruit  was  well  precooled  one  re-icing  en  route  even  for  long 
distance  shipments,  may  suffice  during  the  cooler  months  when  tangerines  are 
shipped.  .».. 

COMPARISON  OF  CONTAINERS 

Inasmuch  as  interest  has  been  shown  by  the  citrus  industry  in  fiberboard  con- 
tainers for  citrus  fruits,  results  obtained  several  years  ago  from  shipping 
tests  with  tangerines  in  fiberboard  containers  may  be  appropriately  presented 
here . 

Two  shipping  tests  were  made  in  which  tangerines  packed  in  standard  nailed 
crates  were  compared  with  perforated,  fiberboard  cartons  of  similar  capacity. 
The  inside  dimensions  of  the  cartons  used  in  the  first  test  were  I9-I/8  inches 
by  9-I/2  inches  by  9-l/2  inches.  The  crates  were  loaded  on  end  in  the  rear 
end  of  the  car  in  the  usual  pattern  of  8  rows,  3  layers  and  20  stacks.  The 
cartons  were  loaded  nine  rows  wide  in  six  layers,  nine  stacks  long  in  the 
"head"  or  front  end  of  the  car,  and  car  strips  were  placed  between  each  layer. 
While  this  was  a  snug  load,  it  was  not  tight  enough  to  close  all  vertical  air 
channels  between  each  row  of  packages.  Car  strips  were  nailed  to  the  crates 
in  the  usual  manner  while  cartons  were  not  secured  to  the  strips. 
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This  test  was  made  frcm  Polk  County,  December  9^  19^2,  with  ethylene-treated 
tangerines  loaded  in  ART  22507,  a  non-fan  car,  and  shipped  under  standard 
ventilation  to  New  York  where  it  was  unloaded  five  days  later.  The  commodity 
temperature  at  loading  time  averaged  72^  •  and  at  unloading  ranged  from  ^2*-* 
to  48°  in  the  crates  and  from  38°  to  5^°  in  the  cartons  (figure  11).  The  out- 
side air  temperatures  were  within  a  few  degrees  of  normal  until  after  the  car 
arrived  at  destination.  The  fruit  in  the  crates  in  the  top  and  middle  layers 
cooled  at  a  rather  uniform  rate  of  5  to  8  degrees  per  day  for  a  total  average 
reduction. of  ahout  27  degrees.  The  top-  crate  was  from  3-  to  6-degrees  warmer 
than  the  middle  crates  during  the  greater  part  of  the  trip.  The  fruit  cooled 
more  slowly  in  the  cartons  than  in  the  crates  and  there  was  little  change  in 
temperature  in  the  top  and  middle  layer  until  the  second  midnight  after  load- 
ing. Thereafter,  cooling  progressed  at  a  rate  of  about  5  to  6  degrees  per  day 
for  a  total  average  reduction  during  the  transit  period  of  about  22  degrees  in 
the  cartons  whereas  there  was  about  a  27  degree  reduction  in  the  crates  placed 
in  similar  positions. 

The  evaluation  of  decay  development  was  made  from  a  cross  section  inspection 
of  the  general  load  in  each  type  of  container  as  well  as  from  three  test 
crates,  and  from  a  similar  number  of  cartons  from  each  of  three  groves. 

When  unloaded  five  days  after  loading  there  was  less  than  1  percent  decay 
(mostly  stem-end  rot)  in  that  part  of  the  general  load  packed  in  crates  and 
three  times  that  amount  in  the  fruit  packed  in  cartons.  There  was  less  than 
1  percent  total  decay,  mostly  stem-end  rot,  in  test  crates  and  2.1  percent 
total  decay  in  the  test  cartons  of  which  less  than  1  percent  was  green  mold 
rot  and  the  remainder  was  stem-end  rot. 

After  the  test  packages  were  held  one  week  at  room  temperature  decay  had  in- 
creased to  15-1  percent  in  the  crates  of  which  k.l   percent  was  green  mold  rot 
and  the  remainder  was  stem-end  rot.  At  the  same  time  there  was  lU.O  percent 
decay  in  the  cartons  of  which  3-7  percent  decay  was  green  mold  rot  and  the 
remainder  was  stem-end  rot. 

A  few  weeks  later  standard  nailed  crates  were  compared  with  cubical  fiberboard 
cartons  of  similar  capacity  for  use  with  tangerines.  In  this  test  the  fiber- 
board  cartons  had  an  inside  dimension  of  12-l/2  inches  by  12-1/2  inches  by 
12-1/2  inches. 

For  this  test,  FGE  66h69,   figure  12,  a  pre-iced  fan  car,  was  loaded  in  Pasco 
County,  February  10,  19^3 ^  and  the  fan  lever  placed  at  the  "on"  position.  The 
"head"  or  front  end  of  the  car  was  loaded  with  fiberboard  boxes  in  seven  rows, 
five  layers,  and  fourteen  stacks,  thus  giving  a  one-inch  space  between  rows. 
Two  car  strips  were  placed  horizontally  between  each  layer  where  a  small  block 
one  inch  by  four   inches  was  tacked  to  car  strips  and  dropped  into  place,  each 
separator  block  making  contact  with  four  cartons .  The  purpose  was  to  separate 
each  box  to  afford  a  continuous  vertical  air  channel. 

The  rear  end  of  the  car  was  loaded  with  the  standard  nailed  crates  placed  three 
high  on  end  with  the  usual  car  stripping  between  each  layer  in  eight  rows  and 
twenty  stacks . 
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Iinmediately  after  adding  3OO  pounds  of  salt  to  the  ice  bunkers  the  car  was  pre- 
cooled  for  six  hours  with  a  General  American  Produce  Conditioner,  ending  during 
the  early  morning  hours  the  day  after  loading.  The  first  re-icing  in  transit 
took  place  in  the  afternoon ' the  day  after  loading.  The  car  was  shipped  under 
standard  refrigeration  to  New  York  City  where  it  was  unloaded  seven  days  later 
with  bunkers  nearly  full  of  ice,  soon  after  a  period  of  subzero  weather  there. 

There  was  very  little  difference  in  temperature  between  the  crates  and  cartons 
in  the  top  layer,  however,  the  temperatures  in  the  middle  of  the  load  were 
approximately  8  degrees  higher  in  the  fiberboard  boxes  than  in  the  crates  dur- 
ing most  of  the  transit  period  (figure  12).  At  the  bottom  bunker  location  the 
crates  remaj-ned  cooler  than  the  cartons  by  5  or  more  degrees . 

Although  the  load  was  subjected  to  very  low  outside  air  temperatmre  and  the 
bunkers  were  almost  full  of  ice  at  unloading,  no  indication  of  frost  damage  was 
noted  in  any  part  of  the  car. 

The  tangerines  in  both  cartons  and  crates,  in  the  commercial  load  arrived  in 
very  fine  condition.  Decay  ranged  from  0-  to  U-percent,  averaging  1.2  percent 
in  the  cartons  and  1  percent  in  the  crates . 

At  unloading  there  was  no  decay  in  the  test  crates  and  less  than  1  percent 
decay  in  the  test  cartons.  After  one  week  holding  at  70°  there  was  from  15 
percent  to  19  percent  decay  in  the  crates  and  15  percent  to  I6.5  percent  in 
the  cartons.  Practically  all  of  the  decay  was  green  mold. 

Two  shipping  tests  in  non-fan  cars  were  made  with  tangerines  loaded  in  Lake 
County  on  January  22,  19^6,  in  cars  in  which  most  of  the  lading  was  packed  in 
wireboiond  crates.  Some  crates  were  lined  with  diphenyl-treated  liners  while 
others  had  spongy  blankets  consisting  of  multi-layers  of  crepe  paper  heavily 
impregnated  with  diphenyl  between  each  layer  of  fruit.  The  first  car,  SFRD 
19262,  loaded  with  803  crates  four  and  five  layers  high  with  an  average  temper- 
ature of  67°  was  shipped  to  Jersey  City  under  standard  ventilation;  the  second, 
EFE  28215  with  855  crates  with  an  average  temperature  of  66°  loaded  five  high 
throughout  was  shipped  .to  Washington,  D.  C,  under  standard  refrigeration. 
Unfortunately  there  was  no  record  of  temperatures  within  the  cars  during  the 
transit  period  since  no  recording  thermometers  were  available  for  use  then. 

When  the  cars  were  unloaded  at  destination  the  car  given  standard  ventilation 
had  an  average  of  less  than  I/2  of  1  percent  decay  in  the  test  crates  regard- 
less of  treatment.  After  one  week  at  70^-^  decay  in  the  naked  pack  check  lot 
averaged  6.6   percent,  in  the  crates  with  diphenyl-treated  liners  11.2  percent, 
and  '^.k   percent  in  the  crates  with  diphenyl-treated  blankets  between  each  layer 
of  fruit.  Practically  all  of  the  decay  was  caused  by  green  mold. 

An  informal  inspection  of  the  general  load  of  the  car  given  standard  refriger- 
ation was  made  during  unloading  by  the  inspection  service.  No  decay  was  found 
in  the  naked  pack,  and  frcsn  1  to  I3  percent  green  mold  in  the  crates  lined  with 
diphenyl-treated  paper.  In  none  of  the  test  crates  was  there  as  much  as  1/2 
percent  decay  on  arrival  but  after  holding  test  packages  for  one  week  at  70^*^ 
7.7  percent  decay  was  found  in  the  naked  pack;  8.7  percent  in  the  crates  with 
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diphenyl-treated  liners;  8.2  percent  in  the  crates  with  diphenyl-treated  liners 
plus  separators,  i.e.,  one  sheet  of  diphenyl-treated  Kraft  paper  per  crate j  and 
6.8  percent  decay  in  the  crates  with  diphenyl-treated  blankets  between  e^ch 
layer  of  fruit.  Again  practically  all  of  the  decay  that  developed  during  the 
week  after  unloading  was  caused  by  green  mold. 

The  results  of  this  test  lends  support  to  the  conjecture  that  the  liners  made 
a  rather  tight  package  which  probably  held  a  higher  relative  h\3midity  and  also 
delayed  cooling,  thereby  favoring  the  development  of  green  mold  to  such  an  ex- 
tent as  to  co\mteract  the  benefits  of  diphenyl. 


DISCUSSION 

Perhaps  the  greatest  deterrent  to  extending  the  marketing  period,  wider  distri- 
bution, and  better  prices  for  tangerines  is  the  amoxmt  of  decay  that  develops  as 
the  fruit  ripens.  Not  infrequently  when  the  fruit  is  ripe  more  than  50  percent 
decay  may  be  expected  to  develop  within  a  week  after  the  fruit  reaches  market. 

Tangerines  are  so  tender  that  the  skin  is  easily  torn  during  picking.  Likewise, 
they  are  so  easily  bruised  that  it  is  perhaps  impossible  to  handle  them  by 
present  picking  and  packing  methods,  without  causing  considerable  injury  to  the 
rind  and,  thereby,  paving  the  way  for  ready  entrance  of  rot  organisms  such  as 
the  green  mold  fungus. 

Unless  radical  changes  are  made  in  the  general  direction  of  carefiol  handling 
all  along  the  line  from  tree  to  table,  the  shipper  and  consumer  alike  may  with 
valid  reason  expect  decay  to  develop  in  disastrous  proportions  within  a  few 
days  after  a  shipment  of  tangerines  reaches  market.  This  should  be  expected 
even  when  the  fruit  reaches  market  in  apparently  sound  condition.  Probably  the 
first  corrective  step  is  packinghouse  machinery  designed  especially  for  tange- 
rines, a  commodity  which  when  ripe  is  almost  as  tender  as  a  red-ripe  tomato  or 
a  mellow -ripe  peach.  The  riper  the  fruit,  the  more  tender  it  becomes  and  the 
greater  the  amount  of  decay. 

It  has  long  been  known  that  the  ethylene  treatment  for  degreening  citrus  fruits 
accelerates  stem-end  rot  and  reduces  green  mold  decay  somewhat,  resulting  in  a 
net  increase  in  decay.  Especially  noteworthy  was  the  relatively  small  amount 
of  green  mold  and  large  amoxmt  of  stem-end  rot  in  the  test  lots  of  ethylene - 
degreened  tangerines  held  at  Orlando-  as  well  as  in  the  test  shipments  to  auction 
markets.  Green  mold  accounted  for  a  very  large  proportion  if  not  practically 
a.Tl  of  the  decay  that  developed  in  non-degreened  tangerines  within  a  week  or  ten 
days  after  packing,  whether  held  under  observation  at  Orlando  or  shipped  to 
market.  This  fungus  grows  very  rapidly  at  temperatures  in  the  low  70 's  and  under 
favorable  conditions  can  develop  into  visible  decay  within  three  or  four  days 
after  the  fruit  is  injured  and  completely  rot  the  fniit  within  a  week.   In  re- 
tarding decay  in  tangerines,  50^^.  proved  to  be  much  less  effective  than  was  38°. 

After  removal  from  low  temperature  there  was  a  margin  of  about  three  days  before 
decay  had  increased  excessively.  The  effect  of  low  temperature  on  decay  was 
largely  spent  within  one  week  at  room  temperature,  hence  it  appears  that  low 
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temperatures  merely  retard  the  development  of  decay  while  the  commodity  is  so 
cool  that  rot  fimgi  grow  slowly  if  at  all.  Too  often  the  effect  is  to  pass 
the  hurden  of  decay  on  to  the  receivers  or  constcners . 

Certain  chemical  treatments  applied  to  citrus  fruits  in  packinghouses  are 
capable  of  checking  the  development  of  decay  not  only  during  the  transit 
period  but  for  a  considerable  period  thereafter  provided  the  rot  organisms 
have  not  become  deep-seated  before  the  fruit  is  treated.  Such  antiseptics  as 
Steriseal  and  Dowicide-A  plus  Hexamine  applied  in  a  liquid  state  to  fruit 
before  packing  were  effective  in  checking  rot  development,  the  latter  being 
more  effective  than  the  former  for  a  week  or  two,  but  neither  gave  sufficient 
control. 

Decay  was  not  further  reduced  when  Dowicide-A  plus  Hexamine  treated  fruit  was 
packed  in  diphenyl-treated  fiberboard  cartons,  yet  diphenyl  made  its  original 
reputation  as  an  inhibitor  of  green  mold  in  oranges  when  the  fruit  was  packed 
in  treated  wraps.  The  failure  of  diphenyl-treated  cartons  to  control  green 
mold  seems  to  be  more  likely  due  to  higher  humidities  in  the  tight  packages 
rather  than  to  a  loss  in  effectiveness  of  the  chemical. 

Shipping  tests  under  standard  refrigeration  to  such  distant  markets  as  Los 
Angeles  and  Seattle  demonstrated  that  sound  delivery  of  tangerines  can  be  made 
to  markets  that  are  some  ten  to  fourteen  days  distant.  Most  of  the  test  ship- 
ments were  made  in  cars  equipped  with  Preco  car  fans.  However,  one  was  with 
a  non-fan  car  that  had  its  lading  thoroughly  precooled  after  loading. 

Ample  evidence  has  been  obtained  from  shipments  of  oranges  and  grapefruit  in 
fan  cars  during  the  cooler  months  to  justify  the  conclusion  that  R\ile  -251 
i.e., initial  and  one  re-icing  gives  essentially  the  same  temperatures  for  at 
least  four  or  five  days  as  standard  refrigeration  during  the  period  when 
tangerines  are  being  shipped  in  quantity.   It  seems  quite  probable  that 
initial  ice  and  one  re-icing  in  transit,  or  initial  ice,  replenishment-  after 
precooling  and  one  re -icing  would  be  adequate  for  transcontinental  shipments 
of  tangerines  in  fan  cars,  moving  in  cool  weather. 

Sound  delivery  of  both  precooled  and  non-precooled  fruit  in  pre-iced  fan  cars 
given  standard  refrigeration  was  also  made  to  such  markets  as  Chicago  and  New 
York.  In  these  shorter  hauls,  all  in  fan  cars,  precooling  after  loading  did 
not  result  in  less  decay  than  in  non-precooled  fruit. 

The  value  of  refrigeration  in  transit  in  warmer  than  normal  winter  weather  was 
demonstrated  in  the  cars  shipped  to  auction  with  dry  bunkers  under  ventilation 
when  compared  with  initial  icing  given  after  loading  and  one  re-icing  en  route. 

The  difference  in  temperatvire  between  loads  of  cartons  and  crates  may  have 
been  due  in  part  to  the  none  too  uniform  vertical  air  channels  between  the  rows 
of  cartons.  The  observed  differences  in  temperature  probably  were  not  of  suf- 
ficient magnitude  or  d\aration  to  single-handedly  have  had  much  effect  on  the 
carrying  quality  of  tangerines.   Doubtless  higher  humidity  prevailed  in  the 
cartons  thereby  serving  to  expedite  the  rot  orgajiisms . 

/ 
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SUMMARY 

Such  antiseptics  as  Steriseal  and  Dcfwicide  A  plus  hexamine  applied  during  the 
washing  period,  were  effective  in  retarding  the  usual  decay  for  a  week  or  two 
after  application. 

Decay  development  was  as  rapid  in  diphenyl-treated  cartons  as  in  naked-packed 
wireboiind  crates . 

Based  on  holding  tests,  at  Orlando  as  well  as  at  auction  markets,  the  receiver 
has  about  three  days  in  which  to  dispose  of  his  fruit  before  decay  becomes  ex- 
cessive. In  a  week  after  unloading,  the  beneficial  effects  of  low  temperatures 
during  transit  were  largely  spent. 

Precooled  tangerines  shipped  in  fan  cars  under  standard  refrigeration  as  far  as 
Seattle  and  Los  Angeles  arrived  there  from  ten  to  fourteen  days  later  in  sound 
condition.  Both  precooled  and  non-precooled  tangerines  in  fan  cars  reached 
New  York  in  sound  condition.  Decay  developed  rapidly  in  tangerines  after  they 
reached  market. 
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California.  Co-workers  in  the  Division  of  Handling,  Transportation  and  Storage 
of  the  Bureau  of  Plant  Industry,  Soils  and  Agr.  Engineering  who  gave  assistance 
are  Edwin  Smith,  Wenatchee,  Washington,  E.  M.  Harvey,  Pomona,  California,  G.  B. 
Ramsey  and  M.  A.  Smith,  Chicago,  Illinois,  J.  S.  Wiant,  J.  Kaufman,  B.  A. 
Friec3man  and  W.  A.  Radspinner,  New  York,  New  York,  J.  S.  Cooley  and  L.  P. 
McColloch,  Beltsville,  Maryland,  and  G.  A.  Mecks troth  and  A.  B.  Walton,  Orlando, 
Florida. 
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